Background: Recently, the anticarcinogenic effects of green tea have been studied in sites other than the urinary tract. The present study examined the inhibition by green tea of vesical tumors induced in rats by Nbutyl-N-(4-hydroxybutyl) nitrosamine (BBN).
Introduction
Green tea has enjoyed a long history as a favorite drink in Japan and its therapeutic effects have frequently been reported with regard to its antibacterial, anti-inflammatory, anti-allergic and anti-hypertensive effect. [1] [2] [3] Recently, the anticarcinogenic effects of green tea have also been investigated. A number of reports have been published of the antitumor effects of green tea in the alimentary tract, including the inhibition of N-ethyl-N¢-nitro-Nnitrosoguanidine (ENNG)-induced duodenal carcinogenesis in mice 4 and azoxymethane (AOM)-induced colon carcinogenesis in rats. 5 Of note, the incidence of urinary bladder cancer in Japan is very low compared with the incidence in the USA and in western European countries. In particular, the occurrence of urinary bladder cancer in Japanese families emigrating from Japan to the USA beyond the second generation is twice that seen in natives remaining in Japan. 6 A number of environmental causes have been identified for urinary bladder cancer, including dietary factors, such as low vitamin A intake, an infrequent consumption of carrots, milk and cruciferous vegetables and a high consumption of meat, animal fat and coffee. Vital statistics in Japan indicate that rates of death from cancer of all sites and in both males and females in Shizuoka Prefecture are much lower than the national average. The standardized mortality rate for cancer of all sites in the midwest area of this prefecture, where green tea is a staple, is even lower. 7 In a recent case-control epidemiological study of urinary bladder cancer in metropolitan Nagoya, green tea and fruit juice intake was suggested to protect against the development of bladder cancer. 8 No confirmation of an effect of green tea against vesical oncogenesis has been reported. Meanwhile, the incidence of bladder cancer has increased and responses to therapy have been limited. Because we are seeking new directions in the prevention and therapy of bladder cancer, the effect of green tea on chemical oncogenesis in the rat bladder was investigated in the present study.
Methods

Animals
Male Wistar rats, 7 weeks of age, were used in the present study. They were fed a CE-2 pellet diet (Nippon Clea, Tokyo, Japan), except as specifically noted below.
Preparation and constituents of tea
Green tea, hojicha, oolong tea and black tea Hot tap water (400 ml; 90°C) was poured onto 10 g commercially obtained green tea, hojicha, oolong tea or black tea. After 3 min, the decoction was cooled to room temperature and was given to rats as drinking water. The green tea and hojicha used were both produced in the Shizuoka Prefecture. Incidentally, hojicha baked at 200°C was used to prepare the tea.
Matcha
Tap water (40 mL) was poured onto 10 g commercially obtained matcha. After brisk stirring, the decoction was diluted 10-fold and was then given to rats as drinking water. The concentration of their tea extract was approximately 2.5%.
Powdered green tea
Green tea leaves were powdered by a blender and were directly and equally compounded with the plain CE-2 pellet diet by an agitator at room temperature to make powdered green tea mixed into the CE-2 diet at concentrations of 0, 0.15, 1.5 and 3.0%. Tea extracts and powdered green tea were prepared every 2-3 days for use in all experiments and were stored in dark brown bottles at 4°C until use. Food and drink were available ad libitum from dark brown containers at room temperature for all rats in all experiments. The containers, including the test compounds, were changed three times weekly (on Monday, Wednesday and Friday). The difference in major constituents in the teas used is summarized in Tables 1 and 2 .
First experiment
Rats were divided into six groups. N-butyl-N-(4-hydroxybutyl) Nitrosamine (BBN) was added to the drinking water at a concentration of 0.05% for 5 weeks. Beginning on the sixth week, the drinking water remained ordinary tap water for group 1 (controls), but was replaced by green tea for group 2, matcha for group 3, hojicha for group 4, oolong tea for group 5 and black tea for group 6 (Fig. 1a) .
Second experiment
Rats were divided into three groups and 0.05% BBN was added to their drinking water for 5 weeks. From the sixth week, the drinking water remained tap water for group 1 (controls) or was replaced by 2.5% green tea extract for group 2. Group 3 rats were fed 2.5% powdered green tea mixed into a CE-2 pellet diet and were given tap water to drink (Fig. 1b) . 
Third experiment
Rats were divided into four groups and 0.05% BBN was added to their drinking water for 5 weeks. From the sixth week, group 1 (control group) rats were fed a CE-2 diet. Group 2, 3, and 4 rats received 0.15, 1.5 and 3.0% of powdered green tea mixed into the CE-2 pellet diet, respectively (Fig. 1c) .
Examination
All rats were killed and examined at week 40. The present experiments followed the Principles of Laboratory Animal Care of the National Institutes of Health and the Federation of European Laboratory Animal Science Association guidelines. Bladders were removed and distended with 10% formaldehyde solution. A ligature was placed around the neck of each bladder to maintain proper distention. After fixation, all bladders were dissected longitudinally. Tumors were identified by the naked eye by a size of >1 mm in diameter. The number of gross tumors was counted and the size of each tumor was measured by a ruler. Tumor volumes were estimated by assuming a spherical shape. Bladders from rats in the third experimental group were sliced and prepared for microscopy. Tissues were embedded in paraffin and were stained with hematoxylin and eosin for investigation of the grade of carcinoma and the depth of tumor invasion.
The criteria for histologic grading and clinical staging were the same as those for human tumors and were as follows. Grade 1 (G1) were well-differentiated tumors with cellular atypism and had histogic features that were the same as transitional epithelium. Grade 3 (G3) were poorly differentiated tumors that were lacking features of transitional epithelium. Grade 2 (G2) were moderately differentiated tumors that had histologic features between those seen at G1 and G3. Carcinoma in situ and papillary non-invasive tumors were classified as pTis and pTa, respectively. Tumors that had invaded into the submucosal layer, superficial muscle layer, deep muscle layer and perivesical fat or the contiguous organ were classified as pT 1 , pT 2 , pT 3 or pT 4 , respectively.
Statistical analysis
The mean (±SD) number of tumors per rat and the mean volume per individual tumor were calculated for each group in all experiments. The significance of differences in the number of tumors per rat and the mean single-tumor volume was analyzed using the Student's t-test. Additionally, all differences between groups were analyzed by first using an analysis of variance (ANOVA) with respect to mean volume per tumor. If the results of the ANOVA were statistically significant, Fig. 1 Schematic diagram showing the experimental protocol for experiments 1 (a), 2 (b) and 3 (c). For (a): ( ), 0.05% BBN in drinking water, CE-2 diet; ( ), Hojicha, CE-2 diet; ( ), tap water, CE-2 diet; ( ), Oolong tea, CE-2 diet; ( ), Green tea, CE-2 diet; ( ), Black tea, CE-2 diet; ( ), Matcha, CE-2 diet. For (b): ( ), 0.05% BBN in drinking water, CE-2 diet; ( ), tap water, CE-2 diet; ( ), Green tea, CE-2 diet; ( ), powdered green tea mixed into the CE-2 diet, tap water. For (c): ( ), 0.05% BBN in drinking water, CE-2 diet; ( ), 3.0% powdered green tea mixed into the CE-2 diet, tap water; ( ), CE-2 diet, tap water; ( ), 0.15% powdered green tea mixed into the CE-2 diet, tap water; ( ), 1.5% powdered green tea mixed into the CE-2 diet, tap water. differences between means were analyzed using a multiple comparison test by Fisher's protected least significant difference (PLSD). For the third experimental group, the significance of differences in the grade of carcinoma and clinical stage was assessed by the Mann-Whitney U-test. All tests were two-tailed; P Յ 0.05 was considered to indicate a statistically significant difference.
Results
First experiment
Mean bodyweights and the intake of tea did not differ significantly among the six groups. The mean daily tap water (mL) and tea extract (catechin; mg) intakes of rats over the whole experimental period in groups 1-6 were 30.5 (0), 28. Table 3 , including the Student's t-test analysis. The incidence of tumors in groups 1-6 was 94, 80, 94, 89, 88 and 94%, respectively. The number of tumors per rat was significantly different for groups 2 (P < 0.01), 4 (P < 0.01) and 5 (P < 0.05) compared with control (group 1). Significant differences were seen in mean volume per tumor between controls (group 1) and groups 2 (P < 0.01), 3 (P < 0.01), 4 (P < 0.01), 5 (P < 0.01) and 6 (P < 0.05). The total tumor volume of group 2 rats was approximately 5% of that in the control group. The ANOVA disclosed a significant difference in mean volume per tumor (P < 0.01). Multiple comparisons confirmed significant differences between group 2 and the other groups (P < 0.01). Therefore, group 2 (green tea) showed the strongest inhibition of tumor growth.
Second experiment
Mean bodyweights and the intake of drink were almost the same between the three groups. Consumption of green tea in group 3 was approximately 14% of that in group 2. The mean daily intakes of tap water (mL) and green tea extract (catechin; mg) of rats in groups 1 and 2 were 25.1 (0) and 26.8 mL (18.7 mg), respectively, while the daily intake of tap water and green tea leaves (catechin) in group 3 rats was 93.5 mL (12.2 mg) over the whole period. The results of the second experiment are shown in Table 4 , including Student's t-test analysis. The incidence of tumor-bearing rats in groups 1, 2 and 3 was 68, 55 and 62%, respectively. Differences in the number of tumors per rat were not significant. The mean volume per tumor differed significantly between groups. In particular, the total tumor volume in group 3 was approximately 13% of that seen in the control group. The mean volume per tumor showed a significant difference by ANOVA (P < 0.01). By multiple comparison, significant differences occurred between the treated groups (groups 2 and 3) and the control group (P < 0.01) and significant differences were present between groups 2 and 3 (P < 0.05).
Group 3 (powdered green tea) showed the strongest inhibitory effect on tumor growth.
Third experiment
Mean bodyweights between the five groups were not significantly different. The intake of drink and food was approximately the same between the five groups. The mean daily intake of green tea leaves over the whole period in groups 1-4 was 0, 7, 65 and 122 mg, respectively. The results of the third experiment are summarized in Table 5 , including the Student's t-test. The number of tumors per rat was significantly different for group 4 compared with group 1 (the control group; P < 0.01). For mean volume per tumor, there were significant differences for groups 2, 3 and 4 compared with the control group (all P < 0.01). The total tumor volume in group 4 was approximately 3.7% of that in the control group. The ANOVA performed with respect to mean volume per tumor showed a significant difference (P < 0.01); multiple comparison found significant differences between group 4 and group 1 (P < 0.01), 2 (P < 0.01) and 3 (P < 0.05). On gross inspection, the incidence of tumorbearing rats in groups 1-4 was 95, 95, 75 and 85%, respectively. On histologic examination, these percentages Table 6 ). The Mann-Whitney U-test revealed a significant difference for group 4 compared with the control group with respect to histologic grade of carcinoma (P < 0.05; Table 7 , while for clinical stage, significant differences were seen between group 4 and the control group (P < 0.05; Table 8 ).
Discussion
Recent studies into the antitumor effects of green tea have attributed this effect mainly to catechins, which are the chief constituent of polyphenols (also called tannins).
Green tea leaves contain approximately 13% catechins, including D-catechin, D-gallocatechin, L-epicatechin (EC), L-epicatechin gallate (ECG), L-epigallocatechin (EGC) and L-epigallocatechin gallate (EGCG). The EGCG accounts for half the catechins present and is the most active. 9 The mechanism of action of the antitumor effect of catechins has not been fully elucidated, but these compounds have shown a remarkable ability to oppose the activation of mutagens and carcinogens. 4, [10] [11] [12] Yoshizawa et al. 13 have found that topical application of (-)-EGCG on mouse skin immediately blocks the specific binding of SHP, simple hyperplasia; PN, papillary or nodular hyperplasia; TP, transitional papilloma; TCC, transitional cell carcinoma; SCC, squamous cell carcinoma.
Table 7
Results of the third experiment comparing groups according to the histological grade of carcinoma
Group
Grade of carcinomas* G1 G2 G3 found that EGCG inhibited protein kinase C activation by teleocidin in vitro. Also, EGCG and crude catechins extracts suppress the growth of tumor cells inoculated into animals, probably because of the induction, via immunologic mechanisms, of tumor necrosis factor (TNF) and interleukin-1 production by macrophages.
14,15 A recent study has suggested that catechins maintain the immune system by promoting DNA repair scavenging superoxide anion radicals. 16, 17 In general, most studies on the effects of green tea have used EGCG or partially purified crude catechin, including EGCG among others. Other compounds, such as vitamin C, vitamin E, vitamin A (carotene), chlorophyll, caffeine and quercetin, also are present in green tea, as reported previously, 9 and these may have varying antitumor effects. Vitamins C, E and A (carotene) and a mixture of dietary have been reported to inhibit ultraviolet-induced skin carcinogenesis. It has been reported that such compounds can protect the immune system from active oxygen species. 17 Chlorophyll, caffeine and quercetin have antipromoting effects in varying degrees and they contribute to antitumor effects. 9 In any case, the definite and systematic mechanisms of the antitumor effects of green tea are not known. Isolation of EGCG or the preparation of crude catechin extracts for use as cancer preventive agent's would be expensive and the mixture of constituents in green tea has strong antitumor activity, so the use of green tea itself would be more practical for cancer prevention in humans. Therefore, the present study focused on unrefined green tea.
In the present study, BBN 18 was used to induce urinary bladder tumors. Oral administration of BBN induces urinary bladder tumors in a short period of time, even when exposure of animals to other potential carcinogens is scrupulously avoided. The urinary bladder tumors produced by BBN are analogous to those in humans. The incidence of histologically confirmed urinary bladder tumors at 40 weeks from the start of experiments in 7-week-old male Wistar rats was shown to be 95-100% in BBN protocols similar to the present one. A clear relationship was seen between histologic changes and the concentration of carcinogen administered, as well as the duration of administration. 19 The present study has shown similar results, except for the second experiment, in which mean weight and food intake was low relative to that of the control groups in the other three experiments.
The daily green tea intake of rats relative to bodyweight would represent a daily intake of 2.5% green tea extract from 3000 to 3500 mL in a 60 kg human (approximately 13 g in the case of the green tea leaves taken by group 4 rats in the third experiment). Such large intakes of green tea extract would not be well tolerated by most people, but that of the green tea leaves is reasonable. Therefore, the consumption of green tea leaves themselves may represent one practical measure to prevent carcinogenesis in the urinary bladder.
Varieties of green teas include green tea, matcha and hojicha. Green and black tea are popular worldwide, but matcha, hojicha and oolong tea are not. The first experiment, which compared the antitumor effects of green tea, other green teas (matcha, hojich), oolong tea and black tea, indicated that the green tea extracts had the strongest antitumor effect in the rat urinary bladder, while halffermented tea (oolong tea) and fermented tea (black tea) essentially lacked any antitumor effects. Differences in antitumor effects between varieties may reflect differing concentrations of catechins in the different teas. These differences in concentration result from the fermentation of catechins, which includes oxidization and polymerization by polyphenol oxidase. Therefore, unfermented tea is much richer in catechins than fermented tea. 20 The intake of the matcha decoction after vigorous stirring fell short of protecting against the development of bladder tumors, probably because matcha had adhered to the walls of the container. Incidentally, storage of green tea extracts for 72 h at room temperature resulted in only a small decrease (8-12%) in the concentration of tea catechins. 17 Most Japanese drink green tea extract and discard the tea grounds. Drinking green tea extract brewed from green tea leaves provides only a 30% intake of available ingredients. Many nutrients, such as vitamins A and E, chlorophyll, food fiber and lipid, remain in the grounds. The second experiment, designed to study the antitumor effects of ingested green tea leaves, showed a much stronger antitumor effect of green tea leaves than seen after drinking green tea.
The third experiment was intended to explore doseresponse relationships by varying the percentage of green tea leaves in the diet. This experiment was performed to determine whether a threshold concentration of green tea leaves exists for the inhibition of urinary bladder tumors, whether the effects of green tea leaves increase in proportion to the concentration used and whether dose-dependent side effects exist. A dose-dependent antitumor effect was found. No evident side effects were confirmed. In the third experiment, light microscopic examination was also performed. The interior of the rat bladder is covered by transitional epithelium, which is generally three cells thick. Histologic specimens of bladder cancer induced in rats by chemicals such as BBN and N-[4-(5-nitro-2-furyl)-2-thiazolyl] formide (FANFT) appear and behave in a manner highly similar to the corresponding human tumors. [21] [22] [23] [24] Of the urinary bladder tumors induced by BBN, 95% are transitional cell carcinomas, approximately 65% being essentially non-invasive. When present, invasion is typically limited to the lamina propria mucosa. Tumors of control animals in the present experiment appeared similar. Ingestion of green tea leaves improved the histologic grade of carcinomas and tended to decrease the depth of invasion.
Widely available, safe and inexpensive, green tea may prove to be of considerable benefit in the prevention and treatment of bladder cancer.
